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MEDICAL IMAGE PROCESSING
APPARATUS, MEDICAL IMAGE
PROCESSING METHOD, AND MEDICAL
IMAGE PROCESSING PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of PCT International
Application No. PCT/JP2018/026871 filed on Jul. 18, 2018,
which claims priority under 35 U.S.C. § 119(a) to Japanese
Patent Application No. 2017-163011 filed on Aug. 28, 2017.
Each of the above application(s) 1s hereby expressly incor-
porated by reference, 1n 1ts entirety, mto the present appli-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a medical 1mage process-
ing apparatus, a medical 1image processing method, and a
medical 1mage processing program for performing registra-
tion between a brain 1mage of a subject and a standard brain
image.

2. Description of the Related Art

With the arnval of an aging society, the number of
patients with dementia 1s increasing year by year. Dementia
develops 1n a case where a protein called amyloid 3 accu-
mulates 1n the brain and accordingly brain atrophy pro-
gresses and cognitive ability declines. Since there 1s no cure
for dementia, 1t 1s 1mportant 1 terms of maintaimng the
quality of life to detect brain atrophy early and start treat-
ment early to delay the progression of dementia.

In order to meet such a demand, 1n recent years, nfor-
mation regarding the state of the brain can be acquired by
nuclear medicine examinations such as single photon emis-
sion computed tomography (SPECT) and positron emission
tomography (PET), CT images acquired by computerized
tomography (CT) apparatuses, and MRI 1images acquired by
magnetic resonance 1maging (MRI) apparatuses. For
example, decreased blood tlow and metabolism 1n a local
part of the brain can be found by checking a temporal change
in the local part of the brain using SPECT and PET images.

On the other hand, brain atrophy can be found by calcu-
lating the volume of a specific part of the brain using MRI
images and comparing a temporal change 1n the volume. For
example, JP2014-042684 A has proposed a method of per-
forming registration between two brain 1mages having dii-
ferent imaging dates and times and then dividing each of the
two brain 1images into tissue regions (gray matter and white
matter) and acquiring the amount of change for each tissue
region.

On the other hand, for example, a method of performing
registration between a brain 1mage of a patient and a
standard brain 1mage region-divided according to the Broad-
mann’s brain map and dividing the brain image of the patient
into regions has been proposed (refer to JP2011-010828A).
Here, the Broadmann’s brain map shows which region 1n the
three-dimensional region of the cerebral cortex of the stan-
dard brain controls which brain function (motion, language,
perception, memory, vision, hearing, and the like). A method
has been proposed in which a brain 1image of a patient 1s
divided 1nto regions and then the amount of change in the
volume for each region 1s acquired (Subregional neuroana-
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tomical change as a biomarker for Alzheimer’s disease,
Dominic Holland et al., Proceedings of the National Acad-
emy ol Sciences, Vol. 106, No. 49, pp. 20954-20959, Dec.
8, 2009 and aBEAT: A Toolbox for Consistent Analysis of
Longitudinal Adult Brain MRI, Yakang Dai et al., Alzheim-
er’s Disease Neuroimaging Initiative, Apr. 3, 2013). In the
methods described 1n Subregional neuroanatomical change
as a biomarker for Alzheimer’s disease, Dominic Holland et
al., Proceedings of the National Academy of Sciences, Vol.
106, No. 49, pp. 20954-20959, Dec. 8, 2009 and aBEAT: A
Toolbox for Consistent Analysis of Longitudinal Adult Brain
MRI, Yakang Dai et al., Alzheimer’s Disease Neuroimaging
Initiative, Apr. 3, 2013, registration between the first brain
image ol the patient and the standard brain image 1s per-
formed to divide the first brain 1mage into regions, and
registration between the second brain 1mage of the patient,
which has a later imaging date and time than the first brain
image, and the standard brain image 1s performed to divide
the second brain 1mage into regions. Then, the amount of
change 1n the volume between corresponding regions in the
first brain 1mage and the second brain 1image 1s acquired.
In addition, a method of performing registration between
a brain 1image and a standard brain image has also been
proposed. For example, JP2014-518516A has proposed a
method of setting markers on an anatomical structure
included 1 a bramn 1mage and performing registration
between a standard brain image and a brain image by
combination of registration algorithms using the markers. As
the combination of registration algorithms, JP2014-
518516A has proposed a method of applying atline regis-

tration subsequent to application of rngid registration and
turther performing B spline registration.

SUMMARY OF THE INVENTION

However, in the method described 1n JP2014-518516A, 1t
1s necessary for the user to search for an anatomaical structure
in a displayed image and set a marker in the searched
anatomical structure. For this reason, the burden on the
user’s work 1s heavy. In addition, JP2014-518516 A does not
specifically describe the anatomical structure, and registra-
tion between the brain 1mage and the standard brain image
may not be accurately performed depending on the type of
anatomical structure in which the marker 1s set. In addition,
in the method described 1n JP2014-518516A, athine trans-
formation 1s performed after rigid registration. However, 1n
the method described i JP2014-518516A, the degree of
freedom of afline transformation 1s high, and deformations
that are not possible as anatomical structures are also
included. For this reason, the afline transformation may
unnaturally deform an anatomical structure included 1n the
brain.

The present invention has been made in view of the above
circumstances, and 1t 1s an object of the present invention to
make 1t possible to more appropnately perform registration
between a brain 1mage and a standard brain 1mage.

A medical 1image processing apparatus according to the
present imnvention comprises: a landmark detection unit that
detects at least four reference landmarks of a left eye, a right
eye, a diencephalon, a fornix, a corpus callosum, a left
hippocampus, and a right hippocampus from a brain image
including a brain of a subject; a first registration unit that
performs first registration including registration by similar-
ity transiformation using the reference landmarks between
the brain 1image and a standard brain image; and a second
registration unit that performs second registration by non-
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linear transformation between the brain image and the
standard brain image after the first registration.

In the medical 1image processing apparatus according to
the present invention, the landmark detection unit may
detect the reference landmarks by performing template
matching between the brain image and a template including
the reference landmarks 1n the standard brain 1mage.

In the medical 1image processing apparatus according to
the present invention, after registration using the reference
landmarks, the first registration unit may perform additional
registration between the entire brain 1mage and the entire
standard brain image as the first registration.

In the medical 1image processing apparatus according to
the present invention, the landmark detection unit may
turther detect at least one local landmark from the brain
image based on a result of registration using the reference
landmarks, and the first registration unit may perform, as the
first registration, further registration by similarity transfor-
mation between the detected reference landmarks and the
detected local landmark and reference landmarks and a local
landmark corresponding to the detected reference landmarks
and the detected local landmark included in the standard
brain image.

A medical 1image processing method according to the
present invention comprises: detecting at least four reference
landmarks of a lett eye, a right eye, a diencephalon, a fornix,
a corpus callosum, a left hippocampus, and a right hip-
pocampus from a brain image 1including a brain of a subject;
performing first registration including registration by simi-
larity transformation using the reference landmarks between
the brain 1mage and a standard brain 1image; and performing
second registration by nonlinear transformation between the
brain image and the standard brain image after the first
registration.

In addition, a program causing a computer to execute the
medical image processing method according to the present
invention may be provided.

Another medical image processing apparatus according to
the present mnvention comprises: a memory that stores
commands to be executed by a computer; and a processor
configured to execute the stored commands. The processor
executes processing for detecting at least four reference
landmarks of a leit eye, a right eye, a diencephalon, a fornix,
a corpus callosum, a left hippocampus, and a right hip-
pocampus from a brain image including a brain of a subject,
performing first registration including registration by simi-
larity transformation using the reference landmarks between
the brain 1mage and a standard brain 1mage, and performing,
second registration by nonlinear transformation between the
brain image and the standard brain image after the first
registration.

According to the present invention, at least four reference
landmarks of the left eye, the right eye, the diencephalon, the
formix, the corpus callosum, the left hippocampus, and the
right hippocampus are detected from the brain image includ-
ing the brain of the subject, the first registration including
registration by similanty transformation using reference
landmarks between the brain image and the standard brain
image 1s performed, and the second registration 1s performed
by nonlinear transformation between the brain image and the
standard brain image after the first registration. For this
reason, 1t 1s possible to perform registration between the
brain 1image and the standard brain 1mage without at least
four anatomical regions of the left eye, the right eye, the
diencephalon, the formix, the corpus callosum, the left hip-
pocampus, and the right hippocampus included in the brain
image being unnaturally deformed. Therefore, it 1s possible
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4

to perform registration between the brain image and the
standard brain image more appropriately.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a hardware configuration diagram showing an
outline of a diagnostic support system to which a medical
Image processing apparatus according to an embodiment of
the present invention 1s applied.

FIG. 2 1s a diagram showing the schematic configuration
of the medical image processing apparatus.

FIG. 3 1s a diagram showing slice images on tomographic
planes on which the left eye, the right eye, the diencephalon,
and the fornix are seen in a brain 1mage.

FIG. 4 1s a diagram showing a brain image that 1s
registrated with a standard brain image by first registration.

FIG. 5 1s a flowchart showing the process performed 1n
the first embodiment.

FIG. 6 1s a diagram showing a slice image of a standard
brain 1mage 1 which local landmarks are set.

FIG. 7 1s a flowchart showing the process performed 1n
the second embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinatter, embodiments of the present invention will be
described with reference to the accompanying diagrams.
FIG. 1 1s a hardware configuration diagram showing the
outline of a diagnostic support system to which a medical
1mage processing apparatus according to a first embodiment
of the present invention 1s applied. As shown 1 FIG. 1, 1n
the diagnostic support system, a medical 1mage processing
apparatus 1 according to the first embodiment, a three-
dimensional 1mage capturing apparatus 2, and an image
storage server 3 are communicably connected to each other
through a network 4.

The three-dimensional image capturing apparatus 2 1s an
apparatus that generates a three-dimensional medical image
showing a part, which 1s a diagnostic target part of a patient
who 1s a subject, by 1maging the part. Specifically, the
three-dimensional i1mage capturing apparatus 2 1s a CT
apparatus, an MRI apparatus, a PET apparatus, or the like.
The medical 1mage generated by the three-dimensional
image capturing apparatus 2 1s transmitted to the image
storage server 3 and 1s stored therein. In the present embodi-
ment, the three-dimensional 1mage capturing apparatus 2 1s
an MRI apparatus, and an MRI 1mage of the head including
the brain of the subject 1s generated as a three-dimensional
brain 1mage.

The 1mage storage server 3 1s a computer that stores and
manages various kinds of data, and comprises a large-
capacity external storage device and software for database
management. The 1mage storage server 3 communicates
with other apparatuses through the wired or wireless net-
work 4 to transmit and receive image data or the like.
Specifically, the 1image storage server 3 acquires various
kinds of data including image data of the medical 1image,
which 1s generated by the three-dimensional 1image captur-
ing apparatus 2, through the network, and stores the acquired
data 1n a recording medium, such as a large-capacity exter-
nal storage device, to manage the acquired data. The storage
format of image data and the communication between
devices through the network 4 are based on a protocol, such
as a digital imaging and communication in medicine (DI-
COM). In the present embodiment, it 1s assumed that image
data of a plurality of three-dimensional brain images are
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stored 1n the image storage server 3. In addition, 1t 1s
assumed that image data of a standard brain 1mage to be
described later 1s also stored 1n the 1image storage server 3.

The medical image processing apparatus 1 1s realized by
installing a medical image processing program according to
the first embodiment on one computer. The computer may be
a workstation or a personal computer that 1s directly oper-
ated by a doctor who performs diagnosis, or may be a server
computer connected to these through a network. The medi-
cal 1image processing program 1s distributed 1n a state in
which the medical image processing program 1s recorded on
a recording medium, such as a digital versatile disc (DVD)
or a compact disc read only memory (CD-ROM), and 1s
installed onto the computer from the recording medium.
Alternatively, the medical 1mage processing program 1s
stored 1n a storage device of a server computer connected to
the network or 1n a network storage so as to be accessible
from the outside, and 1s downloaded and installed onto a
computer used by a doctor as necessary.

FIG. 2 1s a diagram showing the schematic configuration
ol a medical image processing apparatus realized by 1nstall-
ing a medical 1mage processing program on a computer. As
shown 1n FIG. 2, the medical image processing apparatus 1
comprises a central processing unit (CPU) 11, a memory 12,
and a storage 13 as the configuration of a standard work-
station. A display 14, such as a liquid crystal display, and an
input unit 15, such as a keyboard and a mouse, are connected
to the medical 1image processing apparatus 1.

The storage 13 1s a storage device, such as a hard disk or
a solid state drive (SSD). A brain image B0 of the subject,
a standard brain 1image Bs, and various kinds of information
including information required for processing, which are
acquired from the image storage server 3 through the
network 4, are stored 1n the storage 13.

Here, the standard brain image Bs 1s a three-dimensional
brain 1mage showing a brain having a standard shape and
size and a standard density (pixel value), that 1s, a standard
brain. The standard brain image Bs can be generated by
extracting brains from a plurality of brain images, which are
acquired by imaging the heads of a plurality of healthy
persons with a three-dimensional 1mage capturing apparatus,
and averaging the plurality of extracted brains. The standard
brain 1image Bs may be created by computer graphics or the
like. Alternatively, a brain 1image of one healthy person may
be used as the standard brain 1mage Bs.

A medical 1image processing program 1s stored in the
memory 12. As processing to be executed by the CPU 11, the
medical 1mage processing program defines: 1mage acquisi-
tion processing for acquiring the brain image B0 including
the brain of the subject; landmark detection processing for
detecting at least four reference landmarks of the left eye,
the right eye, the diencephalon, the fornix, the corpus
callosum, the left hippocampus, and the right hippocampus
from the brain 1mage; first registration processing including
registration by similanty transformation using reference
landmarks between the brain image B0 and the standard
brain 1mage Bs; and second registration processing by
nonlinear transformation between the brain 1mage and the
standard brain image Bs after the first registration.

Then, the CPU 11 executes these processes according to
the program, so that the computer functions as an 1mage
acquisition unit 21, a landmark detection unit 22, a {first
registration unit 23, and a second registration unit 24. The
medical 1mage processing apparatus 1 may comprise a
plurality of processors or processing circuits that perform
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image acquisition processing, landmark detection process-
ing, first registration processing, and second registration
processing.

The 1image acquisition unit 21 acquires the brain image B0
for registration with the standard brain image Bs from the
image storage server 3. In a case where the brain 1image B0
1s already stored 1n the storage 13, the image acquisition unit
21 may acquire the brain image B0 from the storage 13. In
the present embodiment, those stored in the image storage
server 3 are brain 1images acquired by imaging the head of
the subject, and 1nclude structures other than the brain, such
as a skull. The image acquisition unit 21 also acquires a
standard brain 1image Bs from the image storage server 3.

The landmark detection unit 22 detects at least four
reference landmarks among the left eye, the right eye, the
diencephalon, the fornix, the corpus callosum, the left hip-
pocampus, and the right hippocampus from the brain image
BO0. In the present embodiment, four reference landmarks of
the left eye, the nght eye, the diencephalon, and the fornix
are detected. However, the present invention 1s not limited
thereto as long as at least four reference landmarks of the left
eye, the right eye, the diencephalon, the fornix, the corpus
callosum, the left hippocampus, and the right hippocampus
are detected. FIG. 3 1s a diagram showing slice images on
tomographic planes on which the left eye, the right eye, the
diencephalon, and the fornix are seen in the brain image B0.
In FIG. 3, a slice image G1 includes the left eye and the right
eye, a slice image G2 includes the diencephalon, and a slice
image G3 includes the corpus callosum. The left and right
eyes, the diencephalon, and the corpus callosum 1n the
respective slice images G1 to G3 are surrounded with a
circle.

Here, in the present embodiment, the position of the
center of gravity of the reference landmark i1s detected.
However, the pixel position of at the end of the reference
landmark, each pixel position on the contour line, or the like
may be detected. In addition, the reference landmark region
itself, that 1s, all pixel positions 1n the reference landmark
may be detected.

For detection of the reference landmark, the landmark
detection unit 22 comprises a discriminator that 1s machine-
learned so as to detect each of the lett eye, the right eye, the
diencephalon, and the fornix. For the machine learning, any
method (for example, Ada-Boost) 1s used. In the standard
brain 1image Bs, 1t 1s assumed that the positions of the four
reference landmarks of the left eye, the night eye, the
diencephalon, and the fornix are already detected and stored
in the storage 13.

Here, the detection of the reference landmark may be
performed on the three-dimensional brain image B0, but
may be performed on the slice image of the brain 1mage BO.
In this case, the slice image may be a slice image of any of
a sagittal section, a coronal section, and an axial section.

After the reference landmark 1s detected by the discrimi-
nator, template matching may be performed 1n the peripheral
region of the detected reference landmark. In this case, a
template obtained by extracting each region of the left eye,
the right eye, the diencephalon, and the fornix from the
standard brain 1image Bs 1s stored 1n the storage 13. Then, the
landmark detection unit 22 performs template matching
between each template of the left eye, the night eye, the
diencephalon, and the fornix and the peripheral region of the
reference landmark detected 1n the brain 1mage B0. In this
manner, the reference landmark 1n the brain image B0 can be
detected more accurately. On the other hand, the reference
landmark may be detected only by template matching with-
out using a discriminator.
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The first registration unit 23 performs first registration
including registration by similarity transformation using
reference landmarks between the brain image B0 and the
standard brain 1image Bs. Specifically, registration 1s per-
formed by similarity transformation between the reference
landmark detected by the landmark detection unit 22 and the
reference landmark corresponding to the detected reference
landmark 1n the standard brain 1mage Bs. Here, 1t 1s assumed

that the positions of the four reference landmarks detected
from the brain image B0 1n the brain image B0 are Ptl, Pt2,
Pt3, and Pt4 and the positions of the reference landmarks 1n
the standard brain 1mage Bs corresponding to the detected
reference landmarks are expressed as Ps1, Ps2, Ps3, and Ps4.
In addition, 1n the following description, 1t 1s assumed that
Ptl, Pt2, Pt3, and Pt4 are used as reference numerals of the
reference landmarks detected from the brain image B0 and
Psl, Ps2, Ps3, and Ps4 are used as reference numerals of the
reference landmarks 1n the standard brain image Bs. The first
registration unit 23 calculates coetlicients of similarity trans-
formation between the reference landmarks Ptl, Pt2, Pt3,
and Pt4 1n the brain image B0 and the reference landmarks
Ps1, Ps2, Ps3, and Ps4 in the standard brain image Bs using
the following Expression (1). Expression (1) means calcu-
lating a coetlicient that minimizes the value i X. In Expres-
sion (1), the position of the reference landmark in the brain
image B0 1s indicated by Pti (1=1 to 4), and the position of
the reference landmark in the standard brain image Bs 1s
indicated by Psi. In practice, however, the position of the
reference landmark in the brain image B0 and the position
of the reference landmark in the standard brain image Bs
have three-dimensional coordinate values.

|Expression 1]

i (Pri —
=1

(S(Sxa S}?a SE)R(QIE 9}’5 QE)PSI-I_ T(I.I! I}:, IE))Z —> II]_iIl

Here, the coellicients calculated in Expression (1) are
S(s,, 8,. 8,.), R(0,, 0,, 0,), and T(t,, t, t,). S(s,, s,, 8,) 1s a
scaling matrix indicating enlargement and reduction 1n the X,
y, and z directions, R(0,, 6,, 6,) 1s a three-dimensional
rotation matrix, and 1(t, t, t,) 1s a three-dimensional
movement matrix (vector).

The first registration unit 23 performs the first registration
by performing similarity transformation on the brain image
B0 so that the brain 1image B0 matches the standard brain
image Bs. That 1s, using the coeflicients S(s,, S, s_), R(O_, 0.,
0,), and T(t,, t,, t,) calculated by Expression (1), the brain
image B0 1s subjected to similarity transformation to per-
form the first registration. In order to accurately calculate the
scaling matrix S, the rotation matrix R, and the movement
vector T, at least four reference landmarks are required. In a
case where there are three reference landmarks, for example,
a scaling matrix indicating enlargement and reduction in the
normal direction with respect to the plane formed by the
three reference landmarks 1s not accurately determined, and
the accuracy of registration 1s reduced. In addition, these at
least four reference landmarks should not be on the same
plane at the same time.

FIG. 4 1s a diagram showing a brain image that 1s
registrated with a standard brain 1mage by the first registra-
tion. As a result of the first registration, as shown 1n FIG. 4,
three brain images B1 to B3 are registrated with the standard
brain 1mage Bs, and brain images Bdl to Bd3 after the first
registration are generated. The brain images Bdl to Bd3
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after the first registration have substantially the same posi-
tion and the same shape and size as the reference landmarks.
In the brain 1images Bdl to Bd3 after the first registration 1n
FIG. 4, only the brain region 1s extracted. In addition, FIG.
4 shows slice 1mages on the sagittal sections of the brain
image and the registrated brain 1images. Here, as shown 1n
FIG. 4, by the first registration, the brain image B0 does not
completely match the standard brain image Bs.

The second registration unit 24 performs second registra-
tion by nonlinear transformation between the brain 1mage
B1 and the standard brain image Bs aiter the first registra-
tion. As the registration by nonlinear transformation, for
example, it 1s possible to use registration performed by
converting pixel positions using nonlinear functions, such as
B spline and thin plate spline, or registration using nonlinear
transformation using diffeomorphc. In the second registra-
tion, these diflerent nonlinear transformations may be com-
bined. In the present embodiment, 1t 1s assumed that, after
performing registration by nonlinear transformation using a
B spline function, registration by nonlinear transformation
using diffeomorphc i1s performed. In this case, the first
registration result calculated by the first registration umit 23
may be used as an 1itial value of registration by nonlinear
transformation using a B spline function. In addition, the
result of registration by nonlinear transformation using a B
spline function may be used as an 1nitial value of registration
by nonlinear transformation using diffeomorphc.

As the second registration, registration may be performed
first by nonlinear transformation using a thin plate spline
with the first registration result as an initial value, and then
nonlinear transformation using a B spline function may be
performed with the result of registration by nonlinear trans-
formation using a thin plate spline as the nitial value. In this
case, nonlinear transformation using diffeomorphc may be
turther performed. By performing the second registration 1n
this manner, the brain image B0 can be matched with the
standard brain image Bs more accurately.

Next, the process performed in the first embodiment will
be described. FIG. 5 1s a flowchart showing the process
performed 1n the first embodiment. It 1s assumed that the
standard brain image Bs 1s acquired from the 1mage storage
server 3 and stored in the storage 13. First, the image
acquisition umt 21 acquires the brain image B0 that 1s a
registration target (step ST1). Then, the landmark detection
unmit 22 detects at least four reference landmarks among the
left eye, the right eye, the diencephalon, the fornix, the
corpus callosum, the left hippocampus, and the right hip-
pocampus {rom the brain image B0 (step ST2).

Then, the first registration unit 23 performs first registra-
tion including registration by similarity transformation using,
reference landmarks between the brain image B0 and the
standard brain 1mage Bs (step ST3). Then, the second
registration unit 24 performs second registration by nonlin-
car transformation between the brain image and the standard
brain 1image Bs atter the first registration (step ST4), and the
process ends. The brain 1mage after registration 1s provided
for calculation of the atrophy rate of the brain and the like.

As described above, according to the first embodiment, at
least four reference landmarks of the left eye, the right eye,
the diencephalon, the fornmix, the corpus callosum, the left
hippocampus, and the right hippocampus are detected from
the brain 1image B0 including the brain of the subject, the
first registration including registration by similarity trans-
formation using reference landmarks between the brain
image B0 and the standard brain image Bs 1s performed, and
the second registration 1s performed by nonlinear transior-
mation between the brain image and the standard brain
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image Bs after the first registration. For this reason, it 1s
possible to perform registration between the brain 1image B0
and the standard brain image Bs without at least four
anatomical regions of the left eye, the right eye, the dien-
cephalon, the fornix, the corpus callosum, the left hippocam-
pus, and the right hippocampus included in the brain image
B0 being unnaturally deformed. Therefore, 1t 1s possible to
perform registration between the brain image B0 and the
standard brain image Bs more appropriately.

Next, a second embodiment of the present invention will
be described. The configuration of a medical 1mage process-
ing apparatus according to the second embodiment 1s the
same as the configuration of the medical 1mage processing
apparatus according to the first embodiment described
above, and only the processing to be performed 1s different.
Accordingly, the detailed description of the apparatus will be
omitted herein. The second embodiment 1s different {from the
first embodiment 1n that the landmark detection unit 22
turther detects at least one local landmark from the brain
image B0 based on the result of registration using the
reference landmark and the first registration unit 23 per-
forms further registration by similanty transformation
between the reference landmark and the local landmark
detected from the brain image B0 and the reference land-
mark and the local landmark corresponding to the detected
reference landmark and local landmark included in the
standard brain 1image Bs as the first registration.

In the second embodiment, the landmark detection unit 22
turther detects at least one local landmark different from the
reference landmark based on the registration result using the
reference landmark in the first embodiment. FIG. 6 1s a
diagram showing a slice 1image Gs of the standard brain
image Bs for explaining the detection of a local landmark.
In the second embodiment, as shown in FIG. 6, local
landmarks Fs1 other than the leit eye, the right eye, dien-
cephalon, the fornix, the corpus callosum, the left hippocam-
pus, and the right hippocampus are set in the slice 1mage Gs
of the standard brain image Bs. As the local landmark Fsi,
for example, a sulcus, an end of the sulcus, a cerebral
ventricle, and the like can be used. In FIG. 6, four local
landmarks Fs1 to Fs4 are set. In the second embodiment, a
local region including the local landmark Fs1 of the standard
brain 1image Bs 1s stored in the storage 13 as a template.

In the second embodiment, the landmark detection unit 22
sets the position Fpt1 of a temporary local landmark corre-
sponding to the local landmark Fsi 1n the brain 1image B0 by
mapping the local landmark Fsi1 set in the standard brain
image Bs to the brain image B0 based on the following
Expression (2) using the result of registration using the
reference landmark, that 1s, the coeflicient calculated by the
above Expression (1).

Fpti=5(5_,5,,50)R(0,,0,,0_)Fsi+1(z,,7,,1_) [Expression 2]

Then, the landmark detection unit 22 performs template
matching between the template of a local region including
the local landmark Fsi1 set in the standard brain image Bs and
the peripheral region of the temporary local landmark Fpti
set 1n the brain image B0. As a result, the landmark detection
unit 22 detects the accurate position Ft1 of the local landmark
corresponding to the local landmark Fsi. In addition, 1t 1s
assumed that the reference numeral Fti may also be used for
the local landmark 1n the brain 1mage BO.

Here, the detection of the local landmark Fti may be
performed on the three-dimensional brain image B0, but
may be performed on the slice image of the brain 1mage BO.
In this case, the slice image may be a slice image of any of
a sagittal section, a coronal section, and an axial section.
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In the second embodiment, the first registration unit 23
performs further registration by similarity transformation
between the reference landmark and the local landmark
detected from the brain image B0 and the reference land-
mark and the local landmark corresponding to the detected
reference landmark and local landmark included in the
standard brain image Bs. Specifically, using the following
Expression (3), coeflicients of similarity transformation
between the reference landmarks Ptl, Pt2, Pt3, and Pt4 and
the local landmark Ft1 in the brain image B0 and the
reference landmarks Psl, Ps2, Ps3, and Ps4 and the local
landmark Fsi1 1n the standard brain image Bs are calculated.
Expression (3) means calculating a coeflicient that mini-
mizes the sum of values 1n 2. Also 1n Expression (3), the
position of the reference landmark 1n the brain 1mage B0 1s
indicated Pti1, the position of the local landmark 1n the brain
image B0 1s indicated by Ft1, the position of the reference
landmark 1n the standard brain image Bs 1s indicated by Psi,
and the position of the local landmark 1n the standard brain
image Bs 1s indicated by Fsi. In practice, however, the
position of the reference landmark 1n the brain image B0, the
position of the local landmark i1n the brain image B0, the
position of the reference landmark in the standard brain
image Bs, and the position of the local landmark in the
standard brain 1mage Bs have three-dimensional coordinate
values.

1 |Expression 3]
E (Pti —
i=1

(S1(Sy, Sy, SORIO,, 8,, 8)Psi+ T1(1, 1,, IE))Z +

M

Z (Fii —

i=1
(S2(S, S, SOR2(0,, 0,, 0,)Fsi + T2(i,, 1,, 1,))°

—> min

Here, the coeflicients calculated in Expression (3) are
SI(s,,s,,8,), R1(0,,0,,0), T1(t,, t,,1,),52(s,s,,8,), R2(6,,
0,, 0,) and T2(t,, t, t,). S1(s,, s,, s,) 1s a scaling matrix
indicating enlargement and reduction in the X, y, and z
directions for the reterence landmark, R1(0,, 0,, 0,) 1s a
three-dimensional rotation matrix for the reference land-
mark, and T1(t,, t,, t)) 1s a three-dimensional movement
matrix for the reterence landmark. S2(s,, s, s,) 1s a scaling
matrix indicating enlargement and reduction 1n the x, y, and
z. directions for the local landmark, R2(0,, 0,, 0,) 1s a
three-dimensional rotation matrix for the local landmark,
and T2(t,. t,, t,) 1s a three-dimensional movement matrix for
the local landmark.

In the second embodiment, the first registration unit 23
perform the first registration between the brain image B0
and the standard brain image Bs based on the result of the
turther registration. That 1s, the brain 1image B0 1s subjected
to similarity transtormation by the coetlicients S1(s,, s,, s,),
R1(0,, 6,,0,), TI(t, t,, ), S2(s,, s,, s,), R2(0,, 06,, 0,), and
T2(t,, t,, t,) calculated by Expression (3), thereby perform-
ing the first registration.

Next, the process performed 1n the second embodiment
will be described. FIG. 7 1s a flowchart showing the process
performed 1n the second embodiment. It 1s assumed that the
standard brain 1mage Bs 1s acquired from the image storage
server 3 and stored in the storage 13. First, the image

acquisition unit 21 acquires the brain image B0 to be
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normalized (step ST11). Then, the landmark detection unit
22 detects at least four reference landmarks among the left
eye, the right eye, the diencephalon, the formx, the corpus
callosum, the left hippocampus, and the right hippocampus
from the brain image B0 (step ST12).

Then, the first registration umt 23 performs registration by
similarity  transformation using reference landmarks
between the brain image B0 and the standard brain image
Bs, and acquires the result of the registration using the
reference landmarks (step ST13). Then, the landmark detec-
tion unit 22 detects a local landmark from the brain image
B0 based on the result of registration using the reference
landmark (step ST14).

Then, as the first registration, the first registration unit 23
performs further registration by similarity transformation
between the reference landmark and the local landmark
detected by the landmark detection unit 22 and the reference
landmark and the local landmark corresponding to the
detected reference landmark and local landmark in the
standard brain image Bs (step ST15). Then, the second
registration unit 24 performs second registration by nonlin-
car transformation between the brain image and the standard
brain 1mage Bs after the first registration (step ST16), and
the process ends. The brain image after registration 1s
provided for diagnosis, such as calculation of the atrophy
rate of the brain.

In the first and second embodiments described above,
alter performing the first registration, additional registration
for matching the entire brain 1mage B0, that 1s, the shape and
s1ize of the brain 1image B0 with the shape and size of the
standard brain 1mage Bs may be further performed. In the
additional registration, the first registration unit 23 calcu-
lates an additional coethicient for matching the shape and
s1ize of the brain 1image B0 with the shape and size of the
standard brain image Bs. In this case, the first registration
unit 23 registrates the brain image B0 with the standard brain
image Bs by further using the additional coetlicient. In this
manner, 1t 1s possible to accurately match the shape and size
of the brain with the standard brain image Bs in addition to
the anatomical region included 1n the brain 1mage BO.

In the first and second embodiments described above, the
MRI 1mage of the subject 1s used as a brain image. However,
medical 1images other than the MRI image, such as a CT

image and a PET image, may be used as brain images.

Hereinafter, the effect of the present embodiment will be
described.

By detecting the reference landmark by performing tem-
plate matching between the brain image and the template
including the reference landmark in the standard brain
image, 1t 1s possible to accurately detect the reference
landmark.

By further detecting at least one local landmark from the
brain 1image based on the result of registration using the
reference landmark and performing, as the first registration,
turther registration by similarity transformation between the
detected reference landmark and the detected local landmark
and the reference landmark and the local landmark corre-
sponding to the detected reference landmark and the
detected local landmark included in the standard brain image
Bs, 1t 1s possible to more accurately normalize the brain.

By performing additional registration between the entire
brain 1image and the entire standard brain 1mage after reg-
1stration, 1t 1s also possible to accurately match the shape and
s1ze of the brain with the standard brain 1image in addition to
at least four anatomical regions of the lett eye, the right eye,
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the diencephalon, the fornix, the corpus callosum, the left
hippocampus, and the right hippocampus included in the
brain and 1ts periphery.

EXPLANAITION OF REFERENCES

1: brain 1mage processing apparatus

2: three-dimensional 1mage capturing apparatus
3: 1image storage server

4: network

11: CPU

12: memory

13: storage

14: display

15: 1mput unit

21: 1image acquisition unit

22: landmark detection unit

23: first registration unit

24: second registration unit

B1 to B3: brain image

Bdl to Bd3: brain image afters registration
Bs: standard brain image

Fsl to Fsd: local landmark

G1 to G3, Gs: slice 1image

What 1s claimed 1s:
1. A medical image processing apparatus, comprising a
processor configured to:
detect at least four reference landmarks of a leit eve, a
right eye, a diencephalon, a fornix, a corpus callosum,
a left hippocampus, and a right hippocampus from a
brain 1image including a brain of a subject;
perform first registration including registration by simi-
larity transformation using the reference landmarks
between the brain 1mage and a standard brain 1mage;
and
perform second registration by nonlinear transformation
between the brain image and the standard brain 1mage
after the first registration,
wherein the second registration by the nonlinear transior-
mation 1s performed with a first registration result as an
initial value,
wherein, after the registration by similarity transformation
using the reference landmarks, the processor config-
ured to perform additional registration between the
entire brain 1image and the entire standard brain image
as the first registration,
wherein the additional registration calculates an addi-
tional coethicient for matching the shape and size of the
brain 1image with the shape and size of the standard
brain image.
2. The medical 1image processing apparatus according to
claim 1,
wherein the processor configured to detect the reference
landmarks by performing template matching between
the brain 1mage and a template including the reference
landmarks 1n the standard brain image.
3. The medical image processing apparatus according to
claim 2,
wherein, after the registration by similarity transformation
using the reference landmarks, the processor config-
ured to perform additional registration between the
entire brain 1image and the entire standard brain image
as the first registration.
4. The medical 1image processing apparatus according to
claim 1,
wherein the processor further configured to detect at least
one local landmark from the brain image based on a
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result of the registration by similarity transformation
using the reference landmarks, and
perform, as the first registration, further registration by
similarity transformation between the detected refer-
ence landmarks and the detected local landmark, and
reference landmarks and a local landmark correspond-
ing to the detected reference landmarks and the
detected local landmark included in the standard brain
image.
5. The medical image processing apparatus according to
claim 2,
wherein the processor further configured to detect at least
one local landmark from the brain image based on a
result of the registration by similarity transformation
using the reference landmarks, and
perform, as the first registration, turther registration by
similarity transformation between the detected refer-
ence landmarks and the detected local landmark, and
reference landmarks and a local landmark correspond-
ing to the detected reference landmarks and the
detected local landmark included 1n the standard brain
image.
6. The medical image processing apparatus according to
claim 1,
wherein the processor further configured to detect at least
one local landmark from the brain image based on a
result of the registration by similarity transformation
using the reference landmarks, and
perform, as the first registration, turther registration by
similarity transformation between the detected refer-
ence landmarks and the detected local landmark, and
reference landmarks and a local landmark correspond-
ing to the detected reference landmarks and the
detected local landmark included in the standard brain
image.
7. The medical image processing apparatus according to
claim 3,
wherein the processor further configured to detect at least
one local landmark from the brain image based on a
result of the registration by similarity transformation
using the reference landmarks, and
perform, as the first registration, turther registration by
similarity transformation between the detected refer-
ence landmarks and the detected local landmark, and
reference landmarks and a local landmark correspond-
ing to the detected reference landmarks and the
detected local landmark included in the standard brain
image.
8. A medical image processing method, comprising:
detecting at least four reference landmarks of a left eye,
a right eye, a diencephalon, a formix, a corpus callosum,
a left hippocampus, and a right hippocampus from a
brain 1mage 1ncluding a brain of a subject;
performing first registration including registration by
similarity transformation using the reference landmarks
between the brain image and a standard brain image;
and
performing second registration by nonlinear transforma-
tion between the brain image and the standard brain
image after the first registration,
wherein the second registration by the nonlinear transior-
mation 1s performed with a first registration result as an
initial value,
wherein, after the registration by similarity transformation
using the reference landmarks, additional registration
between the entire brain 1mage and the entire standard
brain 1mage 1s performed as the first registration,
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wherein the additional registration calculates an addi-
tional coethicient for matching the shape and size of the
brain 1image with the shape and size of the standard
brain 1image.
9. The medical image processing method according to
claim 8,
wherein the reference landmarks 1s detect by performing
template matching between the brain image and a
template including the reference landmarks 1n the stan-
dard brain image.
10. The medical image processing method according to
claim 9,
wherein, after the registration by similarity transformation
using the reference landmarks, additional registration
between the entire brain 1mage and the entire standard
brain 1mage 1s performed as the first registration.
11. The medical image processing method according to
claim 8,
wherein at least one local landmark from the brain image
based on a result of the registration by similarity
transformation using the reference landmarks 1s
detected and further registration by similarity transfor-
mation between the detected reference landmarks and
the detected local landmark, and reference landmarks
and a local landmark 1s performed as the first registra-
tion, the reference landmarks and the local landmark
corresponding to the detected reference landmarks and
the detected local landmark included in the standard
brain image.
12. The medical image processing method according to
claim 9,
wherein at least one local landmark from the brain image
based on a result of the registration by similarity
transformation using the reference landmarks 1is
detected and further registration by similarity transior-
mation between the detected reference landmarks and
the detected local landmark, and reference landmarks
and a local landmark 1s performed as the first registra-
tion, the reference landmarks and the local landmark
corresponding to the detected reference landmarks and
the detected local landmark included in the standard
brain 1image.
13. The medical image processing method according to
claim 8,
wherein at least one local landmark from the brain image
based on a result of the registration by similarity
transformation using the reference landmarks 1s
detected and further registration by similarity transior-
mation between the detected reference landmarks and
the detected local landmark, and reference landmarks
and a local landmark 1s performed as the first registra-
tion, the reference landmarks and the local landmark
corresponding to the detected reference landmarks and
the detected local landmark included in the standard
brain 1image.
14. The medical image processing method according to
claim 10,
wherein at least one local landmark from the brain image
based on a result of the registration by similarity
transformation using the reference landmarks 1s
detected and further registration by similarity transior-
mation between the detected reference landmarks and
the detected local landmark, and reference landmarks
and a local landmark 1s performed as the first registra-
tion, the reference landmarks and the local landmark
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corresponding to the detected reference landmarks and
the detected local landmark included in the standard
brain 1mage.
15. A non-transitory computer readable medium for stor-
ing a medical image processing program causing a computer
to execute a process comprising:
detecting at least four reference landmarks of a left eye,
a right eye, a diencephalon, a formix, a corpus callosum,
a left hippocampus, and a right hippocampus from a
brain 1mage 1ncluding a brain of a subject;

performing {irst registration including registration by
similarity transformation using the reference landmarks
between the brain image and a standard brain image;
and

performing second registration by nonlinear transforma-

tion between the brain image and the standard brain
image after the first registration,

wherein the second registration by the nonlinear transior-

mation 1s performed with a first registration result as an
initial value,
wherein, after the registration by similarity transformation
using the reference landmarks, additional registration
between the entire brain 1mage and the entire standard
brain 1mage 1s performed as the first registration,

wherein the additional registration calculates an addi-
tional coellicient for matching the shape and size of the
brain 1mage with the shape and size of the standard
brain 1mage.
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